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ABSTRACT 

Data are presented on the separation of different types of hydrocarbons of 
high molecular weight by adsorption on silica gel. A sharp separation of 5-(7- 
tetrahydronaphthyl)-docosane from 5-(2-decahydronaphthyl)-docosane, and n- 
dotriacontane from l-(p-diphenyl)-octadecane was obtained. Some separation 
of l-(p-diphenyl)-octadecane from 5-(7-tetrahydronaphthyl)-docosane was found, 
but the separation was not as sharp as with the two preceding mixtures. No 
separation of a mixture of n-dotriacontane and 5-(2-decahydronaphthyl)-docosane 
was found. 

The capacity of 20 g of silica gel to adsorb preferentially the more aromatic 
components of these mixtures was found to be 1.8, 3.3, and 0.8 g, respectively, 
for the first three mixtures listed above. 
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I. INTRODUCTION 

Preferential adsorption by silica gel has been used for several years 
for separating mixtures of hydrocarbons of both the gasoline [1] 3 and 
lubricating oil [2] fractions of petroleum. The study made by Mair 
and White [3] showed that, for hydrocarbons similar to those occurring 
in the gasoline fraction of petroleum (C 5 to Ci ), adsorption with silica 
gel is effective in removing completely small amounts of aromatic 
hydrocarbons from their mixtures with paraffin and naphthene hydro- 
carbons, and further, gave information concerning the efficiency and 
capacity of the gel for such separation. However, as no data have 
heretofore been reported concerning the effectiveness of silica gel for 
separating hydrocarbons of high molecular weight, it is the purpose 
of the present note to report such information. 

II. APPARATUS AND MATERIAL 

The apparatus used was essentially the same as that described by 
Mair and White [3], except that both the tube containing the silica 

1 Financial assistance has been received from the research fund of the American Petroleum Institute. 
This work is part of Project 6, The Separation, Identification, and Determination of the Constituents of 
Petroleum. 

2 Research Associate at the National Bureau of Standards, representing the American Petroleum 
Institute. 

3 Numbers in brackets indicate the literature references at the end of this paper. 
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gel and the receiver were equipped with a heating jacket, as shown in 
figure 1. Because of the high melting point of some of the hydro- 
carbons, several of the experiments were performed at about 100° C, 
and for the same reason, the refractive indices, used to mark the extent 
of the separation (as illustrated in fig. 2), were determined at 80° C. 
The silica gel used was marked "150-F-850" (40 to 200 mesh). 4 

Three of the synthetic hydrocarbons 
used in this work, 5-(7-tetrahydronaph- 
thyl)-docosane, 5-(2-decahydronaphthyl)- 
docosane, and l-(p-diphenyl)-octadecane, 
were kindly furnished by L. A. Mikeska [4] 
of the Standard Oil Development Co.; the 
other, n-dotriacontane, was prepared by 
Y. Delcourt [5], and further purified at 
this laboratory by distillation in high 
vacuum. 

In order to ascertain whether these 
synthetic hydrocarbons were sufficiently 
pure for the present experiments, each of 
them was first filtered through silica gel 
in the same manner as in the experiments 
with the mixtures. The refractive indices 
of all the fractions for each compound, 
with the exception of those from 5- (2- 
decahydronaphthyl)-docosane, were sub- 
stantially constant and the same as that 
for the compound before filtration. This 
indicated that no fractionation occurred 
during passage through the gel. The 
compound 5-(2-decahydronaphthyl)-doco- 
sane, however, showed some fractionation, 
and fractions with refractive indices, ri£, 
varying from 1.4926 to 1.4932, were ob- 
tained before a constant value (1.4932) 
was realized. 

III. PROCEDURE 

The procedure adopted for the present 
experiments was as follows: To a weighed 
amount (20 to 25 g) of one component in 
a small flask was added a weighed amount 
of the second component to produce a 
mixture of the desired concentration (10 
to 20 percent by weight in the present 
experiments) . The components were then melted by placing the flask 
on the steam bath, and thoroughly agitated to insure homogeneity. 
After the refractive index had been determined, the mixture was trans- 
ferred to the filtering tube and allowed to filter, under an air pressure 
of about 4 lb./in. 2 through 50 cm (approximately 20 g) of loosely 
packed gel. 

In all of the experiments except No. 1, the filtering tube and 
receiver were kept at approximately 100° C by passing steam through 

* This was.purchased from the Davison Chemical Corporation, Silica Gel Division, Baltimore, Md. 
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Figure 1. — Apparatus for fil- 
tering hydrocarbons of high 
molecular weight through sil- 
ica gel. 
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the jacket. A small gas flame from a bunsen burner was used, as 
needed, to keep the material in the upper bulb liquid. The filtrate 
was collected in a number (7 to 9) of small fractions, and the refrac- 
tive index of each was determined. 

The previously used technique [3] of displacing the adsorbed mate- 
rial from the gel with water could not be used in the present experi- 
ments because of the higher temperature. Instead, toluene, which 
boils at 110° C and is highly adsorbed by silica gel, was passed through 
the column to displace the adsorbed hydrocarbons of high molecular 
weight, which were thus obtained in solution with the excess toluene. 
The bulk of the toluene was subsequently separated from the wanted 
hydrocarbons by simple distillation, with the last traces of toluene 
being removed at 120° to 130° C by sweeping with a small stream of 
carbon dioxide. 

IV. EXPERIMENTAL RESULTS 

Experiment 1 (see table 1), performed at about 25° C (room tem- 
perature), shows the recovery of substantially pure 5-(7-decahydro- 
naphthyl)-docosane, a naphthene or cycloparaffm hydrocarbon, from 
its mixture with the corresponding aromatic hydrocarbon. The sepa- 
ration was sharp, and the capacity of the gel was found to be 1.8 g of 
aromatic hydrocarbon adsorbed by 20 g of gel. 6 

s This capacity does not differ greatly from that reported by Mair and White [3] for hydrocarbons of low 
molecular weight; namely, 5.G g of o-xylene adsorbed by 50 g of gel from a 10-percent solution of it with 
w-nonane, and 5.2 g of toluene adsorbed by 50 g of gel from a 10-percent solution of it with w-heptane. 
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* Because of the difficulty experienced in maintaining this high temperature, the refractive indices reported here are considered accurate only to dbO.0002. 

fc These refractive indices were determined at 25° C. 

e This value is the average for the first 7 fractions, the greatest deviation being ±0.0002. 
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A sharp separation was obtained also in experiment 2, where 
substantially pure n-dotriacontane, a paraffin hydrocarbon, was 
recovered from its mixture with the aromatic hydrocarbon l-(2>- 
diphenyl)-octadecane. A graphical representation of this separation 
is shown in figure 2. In this experiment, the capacity of the gel was 
much greater than in experiment 1, being 3.3 g of aromatic hydro- 
carbon adsorbed by 20 g of gel from a solution containing 16.5 percent 
of the aromatic hydrocarbon. 

Experiment 3 was performed with a mixture of 5-(7-tetrahydro- 
naphthyl)-docosane which contains 1 aromatic ring, and l-(jp-di- 
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hydrocarbons. Only 0.8 g of l-(p-diphenyl)-octadecane was prefer- 
entially adsorbed from the mixture by 20 g of gel. 

In experiment 4 it was found that substantially no separation 
occurred when a 9-to-l mixture of the paraffin hydrocarbon, n-dotria- 
contane, with 5-(2-decahydronaphthyl)-docosane, which contains 2 
naphthene rings (condensed), was filtered through silica gel under 
the same conditions as in the other experiments. 
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